This document analyzes the macroeconomic effects of a boom in a small-open economy's naturalresource sector. We study the effects of this shock on the most important macroeconomic variables, the resource reallocation across sectors and on welfare under alternative fiscal rules. We employ a DSGE featuring three productive sectors (non-tradable, manufacturing and commodity goods), government and two types of consumers (Ricardian and non-Ricardian).
INTRODUCTION
Some time ago the Dutch disease literature brought attention to the fact that positive oil (price or productivity) shocks might cause a loss of competitiveness in the other tradable sectors. As a result, policy interventions may appear necessary and fiscal policy is seen as an important tool for stabilization of the economy and the management of higher income from exports.
In order to contribute to this analysis we explicitly model the energy sector and its interaction with the rest of the economy by setting up a dynamic stochastic general equilibrium (DSGE) model with three sectors (one non-tradable sector and two tradable ones, manufacturing and energy) plus government and two types of consumers according to their access to the financial market (Ricardians and Non-Ricardians) to analyze the effect of a positive oil productivity shock in a small open economy. The impact of this boom on the main macroeconomic variables (income, consumption, investment, real exchange rate, and others) and on the reallocation of resources between sectors is examined.
For the empirical part, the estimation of the model parameters is made by Bayesian methods using quarterly data of Colombian 1 main macroeconomic variables. Some parameters are not estimated, but instead fixed or calibrated in line with stylized facts of the Colombian economy and based on the relevant literature.
The paper also analyzes how macroeconomic variables react to the productivity shock when different fiscal policy rules are considered. In particular, we study four types of rules (with different degrees of pro-or counter-cyclicality) and the differences that these rules can generate on reallocation of resources and social welfare.
We find that the boom reduces the level of manufacturing production and leads to a transfer of resources from this sector to the other two sectors, common characteristics of what is known as the 'Dutch disease'. However, the total effect on social welfare is positive due to the increase in the aggregate levels of households' consumption and leisure.
Regarding the fiscal policy responses, it is concluded that there are no significant differences between rules with respect to the productivity shock's final impact, neither on total welfare nor on the intensity of the Dutch disease. Furthermore, the Ricardian consumers experience higher welfare 1 Colombia is a recent example of an energy-exporting country experiencing a boom in this sector. On the one hand, in 2011 more that 60% of Colombian exports corresponded to the mining-energy sector (mainly oil and coal). On the other hand, the average crude oil production in Colombia in March 2012 was approximately 951.000 barrels per day, that is, 7,2% above the production in the same month of 2011, which in turn was a 13% higher than the average production in 2010.
under a balanced-budget fiscal rule while the non-Ricardian consumers are better off under the most counter-cyclical one.
The document is divided into seven sections, this being the first. The following section presents a revision of the previous literature on Dutch disease and fiscal policy responses to mitigate the negative effects of that phenomenon. The third section describes the model and its equilibrium conditions. The fourth corresponds to the empirical estimation of the model parameters. The fifth section shows the analysis of the impulse-response functions of private consumption, production, external sector and fiscal variables. The welfare analysis is presented in the sixth section. The seventh section concludes.
LITERATURE REVIEW
Income from natural resources have been both beneficial and problematic, a "curse" and a "blessing". The empirical evidence suggests that either outcome is possible (van der Ploeg, 2011).
Therefore, policymakers from countries with income from natural resources have faced serious concerns because of its potential effects on macroeconomic stability, the competitiveness of the export sector, and the external viability of the recipient countries. Institutional arrangements cannot be excluded from the analysis, as evidence shows that social norms, a social contract, transparency and rule of law may contribute to limiting rent seeking (Røed-Larsen, 2004) . One of the pioneering works on studying the macroeconomic effects of a booming sector is Corden and Neary (1982) which is interested in the medium-run effects of asymmetric growth on resource allocation and income distribution.
Of particular interest to the present paper are models that look at the role that fiscal policy could play in managing that income. Most of those models seek to answer the question of what is the appropriate framework for fiscal policy in order to mitigate the potential costs of commodity price fluctuations, where the "appropriateness" is determined by its welfare effects. Pieschacón (2012) shows, by analyzing data for Mexico and Norway, that fiscal policy is a key transmission channel that affects the degree of exposure to oil shocks. She finds that fiscal policies that insulate the country from exogenous oil price shocks seem to be welfare improving over those that are procyclical.
The Chilean economy has been an interesting case for this literature, since an important source of its income comes from copper production and exports, and the country have implemented a fiscal rule as part of the mechanisms to manage the income from copper. Various DSGE models have compared the effect of transitory copper-price shocks under different fiscal rules, like for example a budget balance rule and a structural rule (see, among others, Soto (2007) and Garcia and Restrepo (2007) ). In a model with New Keynesian features and with some Non-Ricardian (hand-to-mouth) households, Garcia et al. (2008) find that an acyclical fiscal rule benefits households that do not enjoy access to capital markets but reduces welfare for households that enjoy full access to capital markets. A fiscal policy in between a pro-cyclical balanced budget policy and an acyclical structural surplus may be preferred by all agents. See also Kumhof and Laxton (2010) ,
De Gregorio and Labbe (2011), Engel et al. (2011) .
Other works argue that the optimal fiscal policy of a country is conditioned by the country's access to world capital markets. Kuralbayeva (2011) shows that both public investment and public consumption are pro-cyclical in countries at all levels of development, but are more strongly so in developing countries. She shows that these empirical differences have a theoretical explanation in the framework of optimal fiscal policy given the country's conditions of access to world capital markets. Therefore, it is important to model financial frictions in deciding which fiscal rule would be welfare improving when managing income from natural resources.
The patterns of consumption and saving (both, public and private) out of income from natural resources seem to affect the degree of Dutch disease experienced by the country. In that sense, some papers have looked specifically at optimal consumption (and saving) patterns. In a model with learning by doing, Matsen and Torvik (2005) find that some Dutch disease is always optimal in the sense that a positive fraction of the resource wealth should be consumed in each period. Akram (2005) proposes a rule (efficient consumption rate) that would make the behavior of the real exchange rate mimic that of the real exchange rate in the absence of natural resources in order to reduce macroeconomic costs associated with the consumption of revenues from natural resources.
Developing economies, though, face the question not only of how much to save but also of what assets should be acquired. A strand of the literature argues that capital-scarce countries should prioritize domestic investment. In capital-scarce economies, investment within the country yields on average higher returns than foreign financial assets, allowing for faster growth of the domestic economy, (Collier et al., 2010) . Similarly, van der Ploeg and Venables (2011) argue that in capitalscarce developing economies incremental consumption should be skewed towards present generations, and savings should be directed to accumulation of domestic private and public capital rather than foreign assets. They show that the optimal policy depends on the impact of distortionary taxation and the ability of consumers to borrow against future revenues.
Other literature have looked at the structure of production in the country experiencing a boom in natural resources to find out the conditions that would lead to, or help avoid, the Dutch disease. Beverelli et al. (2011) show that when there are input-output linkages between the manufacturing sector and the natural resource sector the appreciation of the real exchange rate can be escaped if patterns of specialization shift towards the manufacturing industries that use oil more intensively.
That is, a country experiencing discoveries of natural resources is not necessarily bound to experience the Dutch disease. The policy implication is that natural resource rich countries could escape from de-industrialization if part of the resources produced is consumed domestically as input in resource-intensive manufacturing industries.
Monetary policy has also been considered as a tool for managing income from natural resources.
Benkhodja (2011) analyzes how monetary policy should be conducted to insulate the economy from the main impact of a boom in an oil-exporting country using a multisector DSGE model with nominal and real rigidities. In a related article, Lartey (2008) analyzes the impact of capital inflows
to a small open economy with a discussion on the role and welfare effects of monetary policy.
In a small open economy model with nominal rigidities and a learning-by-doing externality in the tradable sector, Lama and Medina (2010) find that exchange rate intervention is a welfare-reducing policy to counteract the effects of the Dutch disease. In other model, Kuralbayeva and Vines (2008) analyze a small open economy with international capital mobility that experiences terms of trade and risk premium shocks. The improvement in the terms of trade leads to a decrease in the risk premium on lending and therefore an expansion of the capital-intensive traded sector, hence it leads to pro-industrialization even though there is appreciation of the real exchange rate.
In this paper, we propose a dynamic stochastic general equilibrium model based on Acosta, Lartey and Mandelman (2009) but including explicitly a productive energy sector that uses capital and labor in its production process. We follow Corden and Neary (1982) in assuming sector-specific capital accumulation. Also, as in their work, we focus the analysis on the effects of a productivity shock in the energy sector on the reallocation of inputs among sectors and on welfare. Furthermore, based on García et al. (2011) , we include a fiscal sector with different reaction rules to the business cycle. We evaluate the efficacy of these rules for smoothing the effects of Dutch disease.
The model we propose in this paper has three major contributions to the literature: 1) it explicitly models the energy-good production, taking into account its input utilization, making the analysis of general equilibrium more realistic; 2) the parameters' calibration and Bayesian estimation render a more rigorous quantitative simulation and results; 3) this is the first paper that has a welfare analysis of a productivity shock in the energy sector under different fiscal rules and with the characteristics described in 1) and 2).
THE MODEL
The model consists of three types of agents: households, firms and government. The problem that each type faces is described in detail in this section. The model structure is based on Acosta et al. 
Households
There is a continuum (of measure one) of identical households that, every period, decide their level of real consumption and work effort to offer in a perfectly competitive market. There are two types:
Ricardians, who are a proportion z of households and Non-Ricardians, who are the rest, 1-z.
Ricardian agents (R) have access to the financial market and therefore they also decide about the level of debt/savings (bonds) and their participation in firms (shares) for the next period. In contrast,
Non-Ricardians (NR) cannot save or borrow and their income is completely determined by their participation in the labor market. There is no other difference between Ricardians and NonRicardians in the model, apart from their access to financial markets. 
. The parameters and correspond to the share of non-tradable goods in total consumption and the participation of domestic goods in the consumption of tradable goods, respectively. The parameters and represent the corresponding elasticities of substitution.
Households maximize:
where and, therefore, the intertemporal discount factor is modeled endogenously 3 . The endogenous discount factor has been used in previous works such as Mendoza (1991) and Acosta et al. (2009) . Furthermore, it ensures that the model has a stable solution, as shown by Schmitt-Grohé and Uribe (2003).
The budget constraint for the Ricardian households is:
where is the consumer price index (which is a composite of the price of non-tradable goods and the price of tradable goods 4 ). and are the household's shares, purchased in t, in the firms' profits in manufacturing and energy sectors, respectively. The unit prices for such shares are and and their respective dividends are noted by and . represents the wage, expressed in terms of the manufactured good. International financial transactions are made through one-period risk-free bonds ( . The international interest rate is constant and equal to .
corresponds to lump-sum transfers from the government to consumers (see section 3.3.).
The solution to the Ricardian consumer's problem yields the following first order conditions with respect to bonds , shares and , labor supply and consumption, respectively:
3 It is assumed that the discount rate depends on the average levels of consumption and work effort of the economy and, as a result, the household takes these values as given to maximize utility. These average levels are and . Other types of aggregate consumption are calculated in the same way (e.g.
).
( )
where the marginal utility of consumption is ( ) ( ) .
is the domestic price 5 of imported goods (consumption or investment) and the price of the domestic manufactured good is used as numeraire, and therefore is equal to one.
Since Non-Ricardian consumers do not have access to the financial market, their budget constraint is given by . As a result, the first order conditions of their problem are similar to equations (6) and (7) but with the corresponding levels of Non-Ricardian consumption and labor.
Firms
The model has three sectors (non-tradable , tradable manufacturing , and tradable energy sector ). Firms demand inputs (labor and capital) in perfectly competitive markets. We assume that firms in the non-tradable sector only need labor for production.
The accumulation of capital for sector , { }, takes the form where is capital, the level of investment, and the depreciation rate. It is also assumed that one unit of manufacturing good can be transformed into a unit of domestic investment good without incurring any cost. The capital of sector is subject to installation costs ( ) which are proportional to the capital stock. Labor is perfectly mobile across sectors and, as a result, wages are the same for the entire economy. The total labor supply is the sum of the labor employed in each sector, .
Non-tradable Sector
Non-tradable firms use labor as the only input and their production function is , where ̅ is an exogenous stochastic process related to the sector productivity and is white noise. The sector has a tax rate on the value of production.
The profit maximization of this sector implies the following labor demand function:
5 Since the analysis of the model is made in terms of real variables, for the sake of simplicity the value of the nominal exchange rate is normalized to one.
Tradable Manufacturing Sector
Manufacturing firms demand a composite of a domestic investment good and a foreign (imported) investment good 6 . Firms produce manufactured goods using a constant returns to scale technology: , where ̅ is an exogenous stochastic process related to the sector productivity and is white noise. The sector has a tax rate on the value of production. The firms of this sector maximize the value of dividends as defined in equation (9). In turn, the dividends each period are set as the difference between the value of production and costs, as it appears in equation (10).
is the investment price index in the manufacturing sector 7 . The maximization of (9), taking (10) into account and subject to capital accumulation, yields the following first order conditions with respect to capital , investment , labor demand and the investment composition:
(13) 6 The composite investment good is [ ] . The parameter corresponds to the domestic investment goods share in the manufacturing sector investment. The parameter represents the corresponding elasticity of substitution.
The variable represents the shadow price of a unit of capital in the manufacturing sector.
Tradable Energy Sector
It is assumed that in this sector all investment is imported ( ). The energy good is produced using a constant returns to scale technology: . ̅ is an exogenous stochastic process, related to productivity, where is white noise.
The entire domestic production of this sector is exported. The price of the energy good, measured in manufacturing goods, is noted as and there is a tax rate on the value of production. The firms in this sector also maximize the present value of dividends:
Similarly to the manufacturing sector, the maximization of (15) results in the following first order conditions with respect to capital , investment , labor demand and the composition of investment:
]
The parameter represents the shadow price of a unit of capital in the energy sector.
Fiscal Sector
The government obtains revenue (T) from taxes ( on the value of production of the manufacturing, energy and non-tradable sectors:
The government uses this revenue to make lump-sum transfers (Tr) to households without distinction between Ricardians and Non-Ricardians. The government's budget constraint for each period is given by:
where is the government debt (if it is negative, then it corresponds to government credits) at the end of period .
Following Garcia, et al. (2011), a general fiscal rule that may consider different degrees of countercyclicality can be written as:
Where ̅ denotes the government's steady-state revenue; that is, it does not contain any cyclical components. is an adjustment factor for the debt's interest payments, which in general can be interpreted as the debt level target 8 . In turn, determines the level of counter-or pro-cyclicality of the government transfers. is the international interest rate.
Then, with and , this rule turns into a balanced budget constraint in which the government always transfers all of its revenue without incurring deficits or surpluses. In this case, the government acts pro-cyclically, reducing transfers (or raising taxes) during recessions and doing the opposite during expansions. With and , the rule compares to an acyclical regime in which transfers are completely attached to the long-term level of revenue ( ̅ ). In this rule, the government saves during expansions and benefits from borrowing opportunities during recessions. We can think of a continuum of intermediate rules in which and , thus capturing different degrees of counter-or pro-cyclicality in transfers.
For this work, we consider four scenarios: balanced budget, an acyclical regime, a pro-cyclical scenario with and a counter-cyclical scenario where . In the last three cases, it is assumed that .
Aggregate Constraints and External Sector
The resource constraint in the manufacturing sector is given by .
The exported component of the manufacturing sector is denoted by . That is to say, domestic production of the manufacturing good is used for private consumption, government consumption, investment and exports. Following Acosta et al. (2009), we use the following notation for these exports:
. In this specification, is the elasticity of exports to the real exchange rate ( ), and is the aggregate output of the rest of the world. Furthermore, the exchange rate is
given by the ratio of the price of the imported consumption basket to the consumer price index 9 .
The non-tradable sector production is equivalent to the consumption of the same sector. In the energy sector, total production is exported. Aggregate output in units of manufacturing good is
given by . The current account is given by:
BAYESIAN ESTIMATION AND CALIBRATION
Some parameters of the model are estimated by Bayesian methods. The popularity of these methods has been growing not only in macroeconomics but also in other disciplines. This technique uses a general-equilibrium approach that intends to solve the identification problems of reduced-form models and has the advantage of performing well in small-sample estimations 10 .
The estimations are made using quarterly data on total real GDP, real exchange rate, real nontradable GDP and real mining GDP in Colombia from 1996Q1 to 2011Q3 (63 observations per series). The final series are expressed in logarithms and detrended using the Hodrick-Prescott filter.
The remaining parameters are fixed or calibrated.
Calibration
Some parameters are set following the estimations by Acosta et al. (2009) for El Salvador. Others are calibrated to match some stylized facts of the Colombian economy.
The international interest rate, in steady state, is fixed so that the quarterly rate satisfies ̅ ⁄ . That is, in annual terms the real interest rate is approximately 4%. The value of , in the intertemporal discount rate, is endogenously determined to be consistent with the value of ̅ . The weight of leisure in the utility function ( ) is set to 0.3.
The steady state value of employment in the manufacturing sector is normalized to . For the manufacturing sector we assume an annual rate of depreciation . For the energy sector the depreciation rate is endogenously determined to guarantee that the steady state real wage is equal across sectors. The elasticity of substitution between domestic goods and foreign investment is set to .
The parameter that measures the share of capital in the Cobb-Douglas production function is set to for the manufacturing sector and to for the energy sector. The latter is obtained from an official report about the Colombian fiscal rule (Banco de la Republica, Ministerio de Hacienda y Credito Publico and Departamento Nacional de Planeacion, 2010).
The installation cost of capital for the manufacturing sector is set to 2.2, following Acosta et al. (2009) and that of the energy sector is estimated (see the next subsection).
With reference to consumption, the participation of non-tradable goods in total consumption in steady state is fixed at , the elasticity of substitution between tradable and non-tradable consumption at and the share of domestic goods in tradable consumption at .
The inverse of the intertemporal elasticity of substitution is set to 2.0.
The proportion of Non-Ricardian agents in the economy (1-z) is set to 50%. The levels of public and private debt ( ) are assumed to be zero in steady state. The value of taxes ( on the production of the manufacturing, non-tradable and energy sectors is set to 20%, the effective tax rate in Colombia according to the estimation by Hamman et al. (2011) .
Estimation
The following twelve parameters are estimated by Bayesian methods:
 (Consumers) The elasticity of substitution between consumption of domestic and foreign tradable goods ( .
The share of domestic investment in the total of manufacturing investment .
Installation costs of capital for the energy sector .
 (Exports) The elasticity of exports to the real exchange rate .
 (Exogenous shocks) The persistence of the exogenous stochastic processes ( and the standard deviations of their respective error terms ( . The shapes of the prior distributions are chosen taking into account the parameters' domain. To set the means of these distributions, similar values are taken to those obtained by Acosta et al. (2009) and relatively large values of standard deviations are assumed so that the kurtosis of posterior distributions mainly depends on empirical data. Corden and Neary (1982) , we simulate the effects of a productivity shock in the energy sector and interpret it as a boom in the same sector. Using the parameters estimated and calibrated above, we compute the implied impulse-response functions of all endogenous variables in the model. The figures in this section show responses of macroeconomic variables under a balancedbudget fiscal policy, unless stated otherwise. A common result in this exercise is that the qualitative response of these variables does not vary across fiscal-policy regimes.
IMPULSE-RESPONSE RESULTS

Following
We simulate a transitory shock on the stochastic component of the energy sector's productivity ( ). The size of this shock is of one estimated standard deviation (7.03%) and its estimated persistence is =0.97. Figure 1 shows the dynamic behavior of this shock.
[ Fig. 1 goes here]
Effects on Employment
The effect of the productivity shock on employment is positive in the non-tradable sector but it is negative in both energy and manufacturing. In the non-tradable sector, the initial impact is 2.7% and then gradually increases up to 7.5% about 40 quarters after the shock. The reason for this positive effect is the increased aggregate demand which is the result of the increased productivity in the energy sector.
The effect on both tradable sectors (energy and manufacturing) is negative. This effect consists of an initial negative impact which gets more pronounced until about 46 quarters later, when employment stars returning to its steady-state. The main difference between these tradable sectors is that the extent of employment deviation from the steady-state is more pronounced in the energy sector (-17.5%) than in the manufacturing sector (-16%). The reason for this effect is the substitution of labor by capital in both tradable sectors and the increased demand for non-tradable goods which leads to greater absorption of employment in this sector.
The effect on total employment is slightly negative (-0.8% deviation from steady-state) due to the negative effect of higher income on labor supply.
[ Figure 2 goes here] Figure 3 shows the effect of the shock on Ricardian consumers' total employment across alternative fiscal policy rules. After an initial hump-shaped effect, employment decreases and reaches a trough 51 quarters after the initial shock. This lowest point is more pronounced when the fiscal policy is counter-cyclical (-3.0%) than when it follows a balanced budget (-2.4%). In general, this negative effect on employment is the result of the higher unexpected income which increases the marginal utility of leisure at each point of time.
[ Figure 3 goes here] Figure 4 shows the effects of the shock on the employment of Non-Ricardian consumers. After a similar hump-shaped effect, employment increases gradually reaching a peak around 44 quarters after the shock. The effect on this maximum point is higher when the fiscal policy rule is countercyclical (1.3%) than under a balanced budget (0.7%). The reason for this result is that under more counter-cyclical rules, government's savings are higher and therefore Non-Ricardian workers need to work further hours in order to compensate for the associated decrease in transfers.
[ Figure 4 goes here]
Effects on Capital Accumulation
In Figure 5 it is clear that the capital stock in the energy sector increases gradually right after the productivity shock. This increase reaches a maximum of 22.3% with respect to the steady-state.
This maximum takes place 17 quarters after the shock. After this peak, the capital stock starts returning gradually to its steady state.
Figure 5 also shows that the effect on the capital stock of the manufacturing sector is initially negative reaching a lower point (-10% of steady state) 7 quarters after the shock. This negative effect is the result of the presence of crowding-out from the accelerated accumulation of capital in the energy sector. 20 quarters after the shock the effect turns positive and starts increasing gradually until reaching, 39 quarters later, a high value of 19.8% of the steady state. This late positive effect is driven by the appreciation of the real exchange rate which allows increasing imports of capital goods.
[ Fig. 5 goes here]
Effects on Output Figure 6 shows the effect of the productivity shock on total output and output by sectors. The energy boom has positive effects on non-tradable production due to the associated increase in aggregate income. This sector's output increase gradually during the first 40 quarters after the shock reaching a maximum of 7.5% of positive deviation from the steady state.
Output in the energy sector also increases but at a faster pace than the non-tradable sector due to its rapid capital accumulation. The maximum increase (24.3% with respect to the steady state) is reached 16 quarters after the shock. In contrast, manufacturing output decreases during the first 14 quarters after the shock reaching a maximum effect of -8.8% with respect to the steady state. The reason for this negative effect is the crowding-out of labor from this sector to the non-tradable sector ( Figure 2 ) and the initial reduction of this sector's capital ( Figure 5 ).
Summing up, the effect on total output is initially driven by the manufacturing sector since it is negative at first and reaches a trough (-2.9% ) just 9 quarters after the shock. 13 quarters later the effect turns positive and reaches a maximum point (5.4%) 60 quarters after the initial shock. This positive effect is mainly driven by the non-tradable sector and the late recovery of the manufacturing sector.
[ Fig. 6 goes here]
Effects on Consumption Figure 7 shows that the dynamic effect on private consumption is positive in all sectors. The effect on consumption of manufactured goods is higher (17.5% on its peak) than on the consumption on non-tradables (7.5% on its peak). Therefore, the effect on total consumption is a weighted average of these two consumption sectors. The peak of these effects is located around 38 quarters after the initial shock. Notice that the implied increase in tradable consumption implies an important increase in manufactured imports since manufactured output decreases ( Figure 6 ).
[ Fig. 7 goes here] Figure 8 shows the positive effect of the energy shock on consumption of Ricardian consumers.
This effect is not very different across types of fiscal rules and reaches a peak 41 quarters after the shock. The maximum deviation from the steady state is 14.6 % under the counter-cyclical fiscal rule, slightly higher than in the case of a balanced-budget rule (14.1%).
[ Fig. 8 goes here]
The analogous effect on Non-Ricardian consumers is shown in Figure 9 . Although the effects are qualitatively similar across fiscal rules, it is evident that the more counter-cyclical the fiscal rule is, the smoother the effect is on consumption. Therefore, while under a balanced budget the effect reaches a peak increase of 9.4%, the same peak increment is 8.6% under the counter-cyclical rule.
Notice that this effect is stronger for Ricardian consumers since they enjoy not only wage increases but also higher returns from firms' ownership.
[ Figure 9 goes here]
Effects on real wages and the price level Figure 10 shows that the effect of the shock on real wages becomes positive 11 quarters after the shock. Then, 44 quarters later this effect reaches a peak of 11.5%. Notice that the impulse response on wages is qualitatively similar to the one for total output ( Figure 6 ). Therefore, the initial negative effect on real wages is closely related to the initial decrease in total output in that figure.
The impulse-response on the price level shows an initial negative effect that reaches a lowest point of -10.3%, with respect to the steady-state, 11 quarters after the initial shock. This negative phase is closely related to the lower prices of tradable goods which result from the real exchange rate appreciation ( Figure 11 ). The impulse-response of the price level becomes positive 41 quarters after the initial shock and reaches a maximum point (3.9%) 36 quarters later. This positive phase is related to the positive effects of the shock on real wages as shown in Figure 10 .
[ Figure 10 goes here]
Effects on External-Sector Indicators
In Figure 11 , it is clear that the productivity shock has a negative effect on the real exchange rate, that is, the price of foreign goods decreases with respect to the price of domestic goods. The immediate effect on the real exchange rate is -8.0% under a fiscal policy with balanced budget. The real exchange rate gradually becomes more appreciated during 26 quarters when it reaches a lower point of -26.1%. Figure 11 also shows that this effect is very similar across fiscal policy rules. The reason of this negative effect on the real exchange rate is the significant increase of imports which are used for capital accumulation in the energy sector. The relative abundance of these goods in the economy leads to a decrease in their relative price.
[ Figure 11 goes here] Figure 12 shows the effect of the shock on the current-account balance. The initial effect is driven by the rapid appreciation of the real exchange rate (Figure 11 ), since it reduces the value of imports.
These imports are composed of foreign goods for consumption and investment. The price of these imports, measured in domestic tradable goods, is reduced as the real exchange rate falls. However, real quantities are mainly driven by the optimal consumption and investment plans of consumers and firms, respectively. Therefore, the net effect on the value of imports is negative and thus the effect on the current account balance is positive.
[ Figure 12 goes here]
The current account balance in Figure 12 starts with a surplus of around 8% of GDP. Then, this balance remains positive during 37 quarters, approximately. This deficit evolves slowly and becomes more prominent for more counter-cyclical fiscal rules. The reason for this result is the behavior of Non-Ricardian consumption which decreases more slowly for more counter-cyclical fiscal rules. Figure 13 shows that the effect of the shock on government income is very similar to the effect on total output (Figure 6 ). This effect is initially negative as consequence of the strong initial reduction on manufacturing output and thus on the associated tax income. This effect becomes positive 22 quarters after the shock and increases gradually to reach a maximum effect (5.4%) 39 quarters later.
Effects on fiscal-sector variables
Notice that this peak is only slightly lower (0.1%) under the more counter-cyclical fiscal rule.
[ Fig. 13 goes here]
The effect of the shock on government debt is clearly different across fiscal rules (Figure 14) .
Under a balanced-budget rule, debt remains at zero during the whole duration of the shock. Under the remaining fiscal rules, there is a gradual accumulation of debt during the first 36 quarters after the shock. The government hires this debt in order to smooth the effect of the initial slowdown on economic activity (Figure 6 ) on consumption. After this debt is paid off, the government starts saving by accumulating international reserves. The purpose of these reserves is saving some of the increased income in order to have a higher level of consumption during later periods. Figure 14 also shows that both accumulations, debt and reserves, are more pronounced the more counter-cyclical the fiscal rule is.
[ Fig. 14 goes here] Figure 15 shows that the effect of the shock on government transfers is quite different across fiscal rules. Under a balanced-budget policy, transfers follow the behavior of government income ( Figure   13 ). Under both the pro-cyclical and neutral rules, there is an initial period in which transfers decrease below their steady state and can be considered as a "saving" period. Soon, these transfers move up and remain above the steady state for a long "spending" period after the shock. Under the counter-cyclical fiscal rule, there is a short initial period (15 quarters) when transfers are above its steady-state value. Then a "saving" period starts and lasts 43 quarters. Only then, a quite long "spending" period starts 59 quarters after the shock.
[ Figure 15 goes here]
WELFARE ANALYSIS
The energy boom in itself increases the welfare of both types of consumers when comparing to the steady state. This gain in welfare is calculated as the percentage of consumption that makes households indifferent between being in a steady-state economy or being in an economy that experiences a productivity shock in the energy sector. In steady state, the welfare of each household type is , and it is determined by the values of steady-state consumption and labor. In an economy with boom, welfare is given by the optimal paths of consumption { } and labor { } . The size of compensated consumption is calculated then as the proportion such that
∑
The proportion  h is calculated from the solution to the equilibrium conditions of the model using a second-order approximation around the steady state, following the methodology by Schmitt-Grohé and Uribe (2004) and Kim, Kim, Schaumberg and Sims (2008) . A constant discount rate is assumed to be equal to =0.99. Table 2 shows the results of the welfare calculations. The gain for both household types is significant, but there are no important changes in households' welfare from experiencing the productivity shock under one or other fiscal regime. In any case, the welfare gain from the shock is bigger for Ricardian households, since they have access to financial markets. Also, going from a balance-budget rule to a counter-cyclical rule decreases the welfare gain for Ricardians, but increases that of Non-Ricardians.
CONCLUSIONS
The present document analyzes the effects, on a small open economy, of a temporary raise in the energy sector productivity. For this purpose we use a DSGE model with three sectors (one service or non-tradable sector and two tradable sectors: a manufacturing sector and an energy sector) plus government and two types of consumers according to their access to the financial market (Ricardians and Non-Ricardians). The estimation of the model parameters is made by Bayesian methods using Colombian macroeconomic quarterly data for the period 1996-2011. Some parameters were not estimated, but instead were fixed or calibrated in line with stylized facts of the Colombian economy or based on the relevant literature.
The document also analyzes the implications of the productivity shock considering four different fiscal policy rules with different degrees of pro-or counter-cyclicality. The results suggest that a temporary increase equivalent to one standard deviation (7%) in the energy sector productivity leads to a temporary fall in the manufacturing sector production (the initial impact is of about 5%) and a transfer of resources from this sector to the others, typical characteristics of the Dutch disease phenomenon. Nonetheless, given the increase of the aggregate consumption and leisure levels, the total effect on the social welfare is positive (in terms of compensated consumption, about 7% for Ricardians and 5% for Non-Ricardians).
With regard to the analysis of fiscal responses to the boom, no significant differences, neither in the intensity of the Dutch disease nor in social welfare, were found for the different policy rules.
However, while Ricardian consumers experience higher welfare under a balanced-budget fiscal rule, Non-Ricardians experience higher welfare under the most counter-cyclical rule. This conclusion is consistent with the standard results found in the literature since Ricardian consumers can smooth the optimal consumption and labor paths themselves. 
